Eight maize varieties viz. four composites (Mohor, Barnali, Khoibhutta, and BARI Maize-6) and four hybrids (BARI Hybrid Maize-1, BARI Hybrid Maize-3, BARI Hybrid Maize Top 1 & Pacific 984), were tested for their response to zinc fertilization (0 and 3 kg Zn/ha) at the Regional Agricultural Research Station (RARS), Jessore (AEZ-11, High Ganges River Floodplain) during [2002][2003][2004][2005]. The varieties were not equally responsive to Zn addition. Except BARI Hybrid Maize-3, all other hybrids showed higher response to Zn compared to composite varieties. Among the hybrids, the Pacific 984 had the highest response followed by BARI Hybrid Maize-1 and BARI Hybrid Maize Top 1, the later two showed identical response. Comparing the composite varieties, their response can be ranked as Barnali ≈ Mohor > Khoibhutta > BARI Maize-6. The result suggests that BARI Hybrid Maize-3 and BARI Maize-6 were the most Zn inresponsive (Zn efficient) varieties. Further it appeared that Pacific 984 gave the highest seed yield, 10.46 t/ha due to Zn application. So, the farmers can grow this variety with an application of Zn @ 3 kg/ha in the deficient soil. The results also indicate that the farmers can cultivate BARI Hybrid Maize-3 in the moderately zinc deficient soils with a minimum dose (1 to 2 kg/ha) of Zn fertilization.
Introduction
Zinc deficiency is the most widespread micronutrient deficiency in the world (Fageria et al., 2002) . Sommer and Lipman (1926) were the first to prove the essentiality of Zn as a nutrient requirement for higher plants. Plants emerged from seeds with low concentration of Zn could be highly sensitive to biotic and abiotic stress (Obata et al., 1999) . Zinc enriched seeds can perform better with respect to seed germination, seedling health, crop growth, and finally yield advantage (Cakmak et al., 1996) . Sakai et al. (1997) reported that the continuous rice-wheat system with increasing NPK fertilizer applications is the cause of depleting the soil available micronutrients reserve, particularly available Zn, leading to decline in crop productivity. In Bangladesh, Zn deficiency has occurred mainly due to continuous mining of this nutrient from soil and to increase cropping intensity (180% at present, BBS, 2009 ). This element is less available for plant uptake in high pH soils (e.g. calcareous soils) mainly due to their retention by soils and soil constituents (Hossain, 2007 The maize (corn) cultivation in our country is increasing because of high yield potential as well as its high market demand for poultry feed. The average yield of the crop stands at 6.18 t/ha (BBS, 2009) , which is very low compared to the yield of many maize growing countries of the world. There are several reasons that can explain this yield variation, which cover biotic and abiotic factors. Among the biotic and abiotic factors, unavailability of high yielding varieties and nutriment deficiency (Carsky and Reid, 1990; Zuo et al., 1995) are responsible for lower productivity of maize. Maize is recognized as highly sensitive to Zn deficiency. The variety which is not responsive to applied Zn in the Zn deficient soil but capable to produce optimum yield, that variety is called Zn efficient variety. It is known as an indicator plant for evaluation of Zn deficiency of a soil. Plants absorb Zn in the form of Zn
2+
. The functional role of Zn includes auxins metabolism, nitrogen metabolism, influence on the activities of enzymes, cytochrome c synthesis and stabilization of ribosomal fractions and protection of cells against oxidative stress (Tisdale et al., 1997; Obata et al., 1999) . Poor growth, interveinal chlorosis and necrosis of lower leaves are the common symptoms of Zn deficiency in field crops. In a study with 49 maize cultivars in Africa Oikeh et al. (2003) observed that kernel Zn levels of different varieties varied from 16.5 to 24.6 mg/kg. Jessore region is an extensively maize growing area and the soil of this area is calcareous in nature. So, maize varieties may differ in their sensitivity to Zn deficiency. Keeping the above points in view, the present study was undertaken to evaluate the response of different varieties of maize to Zn fertilization.
Materials and Method
Maize varieties may differ in their sensitivity to zinc deficiency. With this idea in view, eight maize varieties, of which four composites (Mohor, Barnali, Khoibhutta, and BARI Maize-6) and four hybrids (BARI Hybrid Maize-1, BARI Hybrid Maize-3, BARI Hybrid Maize top-1, and Pacific 984), were evaluated on their agronomic response to added Zn, except Pacific 984. All these varieties have been developed by the Bangladesh Agricultural Research Institute (BARI). The variety Pacific 984 is of Thailand origin. The field trial was conducted at the Regional Agricultural Research Station (RARS), Jessore, Bangladesh for consecutive 3 years from 2003-2004 to 2005-2006 . The land belongs to High Ganges River Floodplain in the agroecological zone, (AEZ 11) and Gopalpur soil series (Soil taxonomy: Aquic Eutrochrepts). The soil had high pH value (8.2) with low Zn content (0.58 mg/kg). The critical level of DTPA extractable Zn for maize in calcareous soils, as determined by Lindsay and Norvell (1978) , is 0.78 mg/kg. The other soil properties were 1.44% organic matter, 7.32 mg/kg Olsen-P, 0.29 c mol/kg exchangeable K, 20 c mol/kg Ca, 1.25 c mol/kg Mg, 7.51 mg/kg C a C1 2-S and 0.21 mg/kg Ca (H 2 PO 4 )-B. Soil pH was determined by glass electrode pH meter (1:2.5 soil-water ratio) and organic matter by wet oxidation method (Nelson and Sommers, 1982) . The K, Ca, and Mg contents of soil were determined by IM NH 4 0Ac (pH 7.0) extraction method. The experiment was laid out in a randomized complete block design with three replications, each plot size being 5m x 4.5m. Zinc was applied at 3 kg/ha, where other one was control. This layout was kept undisturbed for the second and third year of the study. Zinc was applied as ZnO (78% Zn). Every year, 260 kg N, 63 kg P, 80 kg K, 47 kg S, and 1 kg B/ha were applied for high yield on the basis of soil nutrient status. The source of nutrients were urea, triple super phosphate (TSP), muriate of potash (MoP), gypsum, and boric acid for N, P, K, S, and B, respectively. Intercultural operations viz. weeding, irrigation, and insecticide spray were done as and when required. Every year, the maize varieties were sown in the first week of November and harvested in the first week of April. At maturity, data on yield components were recorded from 10 randomly selected plants from each plot. Yield data were recorded from whole plot and were expressed as t/ha on 12% moisture level. The data were statistically analyzed following the principle of Fstatistics and the mean values were separated by Duncan's Multiple Range Test (DMRT) (Gomez and Gomez, 1984) .
Results and Discussion

Yield components
When the growth and yield contributing characters were looked into, it appeared that except the cob breadth, all other characters, such as plant height, cob length, number of seeds/cob, and 1000-seed weight responded positively to Zn fertilization (Table 1 to 5). Practically, the Zn treatment positively influenced the seed set and seed weight which resulted in higher seed yield of the crop. The number of seeds/cob for composite varieties varied from 507 to 613 in the Zn treated plots against 432 to 527 in the Zn control plots. The seed number for hybrids were 514 to 583, and 445 to 494 in the Zn treated and untreated plots, respectively. The highest number of seeds/cob increased 26.5% in Pacific-984 and the lowest 4.05% in BARI Hybrid Maize-3 due to Zn fertilization (Table 1) . Moussa and Barsoum (1995) , and Zuo et al. (1995) reported that number of seeds/cob increased due to Zn application. In case of composite varieties, 1000-seed weight varied from 228 to 346 g due to Zn fertilization whereas it was 205 to 333 g in control, but for hybrid varieties, it was 350 to 365 g with Zn and 297 to 352g in control. The hybrid variety Pacific-984 produced 18.2% higher 1000-seed weight than the Zn control plot; whereas BARI Hybrid Maize-6 increased only 1.99% due to Zn fertilization (Table 2) . Hybrid variety Pacific-984 produced the highest cob length 19.9 cm (mean of 3 years) in Zn treated plot which was followed by BARI Hybrid Maize-1 and Khoibhutta. Zinc fertilization increased the cob length varying from 5.20 to 29.5% in different maize varieties (Table 3) . Higher cob breadth ranged from 5.04 and 4.84 cm were recorded in BARI Maize-6 and lower with Khoibhutta 3.73 and 3.53 cm with and without zinc fertilization. In both the conditions, cob breadth for all varieties was higher than that of Khoibhutta. This variation might be due to genetical among the varieties. Zinc fertilization increased the breadth of cob in all the varieties ranged from 1.96 to 10.1 % (Table 4) . Tallest plant 255 cm was recorded in BARI Hybrid Maize-3 and BARI Hybrid Maize-1 where Zn was applied and this was very closely with Barnali 253 cm and BARI Hybrid Maize Top-1 252 cm. All the varieties differed significantly in plant height due to Zn fertilization (Table 5) except BARI Hybrid Maize-3 and BARI Maize-6. Similar results were also reported by Moussa and Barsoum (1995) . Reddy and Khera (1999) also observed the significant differences with maize varieties for Zn fertilization. Sharma et al. (1992) noted that yield components of maize varieties diferred significantly due to Zn fertilization. Values within the same column with a common letter do not differ significantly (p=0.05) V 1 = Mohor, V 2 = Barnali, V 3 = Khoibhutta, V 4 = BARI Maize-6, V 5 = BARI Hybrid Maize-1, V 6 = BARI Hybrid Maize-3, V 7 = BARI Hybrid Maize Top-1, V 8 = Pacific-984.
Seed yield
Differential response was observed in yield among the maize varieties to Zn fertilization (Table 6 ). Hybrids showed higher response to Zn fertilization compared with composites except BARI Hybrid Maize-3. Among the hybrids, response was highest in Pacific-984 which was followed by BARI Hybrid Maize-1 and BARI Hybrid Maize Top-1 (Table 6 ). Statistically no variation was observed between BARI Hybrid Maize-I and BARI Hybrid Maize Top-1. Among the composite varieties, response can be ranked as Barnali ≈ Mohor > Khoibhutta > BARI Maize-6. Hybrids, such as Pacific-984, BARI Hybrid Maize-3, BARI Hybrid Maize Top-1, and BARI Hybrid Maize-1 produced yields of 10.46, 9.03, 8.50, and 8.34 t/ha, respectively, with Zn fertilization which were 39.8, 5.12, 26.9, and 26.9 % higher over control (Table 6 ). On the other hand, composite varieties viz. BARI Maize-6, Mohor, Barnali, and Khoibhutta produced yield 6.70, 6.55, 6.42, and 5.57 t/ha which were 8.60, 23.8, 24.9, and 16.3% yield increase, respectively, over control. The variety BARI Hybrid Maize-3 produced second highest yield. Lowest seed yield was observed with Khoibhutta (Table 6) . From this result, it can be said that the seed yield of maize varied significantly due to Zn fertilization. Similar results were also reported by various scientists like Das et al. (1993) , Alam et al. (2000) , Santi et al. (1997) , Chowdhury and Islam (1993) , Sankhyan and Sharma (1995) and Turambeker and Daftardar (1992) . Sharma et al. (1992) reported that the seed yield of maize increased by 11.4% upto Zn levels from 0 to 9 kg Zn/ha. Similar result was also reported by Cakmak et al. (1997) with other crops like rye, triticale, bread and durum wheats increase due to application of Zn in calcareous soils. As stated by Romheld and Kirkby (2007) that the higher susceptibility of some genotypes to Zn deficiency is mainly due to inadequate Zn acquisition by plant roots. Values within the same column with a common letter do not differ significantly (p=0.05), V I = Mohor, V 2 = Barnali, V 3 = Khoibhutta, V 4 = BARI Maize-6, V 5 = BARI Hybrid Maize-1, V 6 = BARI Hybrid Maize-3, V 7 = BARI Hybrid Maize Top-1, V8= Pacific-984.
Stover yield
Like seed yield, the stover yield of maize for all varieties increased significantly due to Zn fertilization (Table 7) . On an average, the BARI Hybrid Maize-3 gave the highest stover yield 8.97 t/ha which was followed by Pacific-984 8.81 t/ha, BARI Hybrid Maize Top-1 8.57 t/ha, Mohor 8.34 t/ha and Barnali 8.16 t/ha, BARI Hybrid Maize-1 8.11 t/ha, BARI Maize-6 6.48 t/ha and Khoibhutta 4.72 t/ha which were 7.5 5, 22.5, 30.8, 22.1, 23.6, 30.0, 10.6 , and 21.3 % increase over control, respectively (Table 7) . Percent stover yield increased 30.8 with BARI Hybrid Maize-3 and 7.55 with BARI Hybrid Maize Top-1 (Table 7) . Moussa and Barsoum (1995) , Das et al. (1993) , Singh et al. (1988) , Thind et al. (1990) and Hussain and Fayad (1996) reported that stover yield of maize increased significantly due to Zn application.
Conclusion
From this study, it can be concluded that the BARI Hybrid Maize-3 and BARI Maize-6 were Zn in responsive (Zn efficient) among the used varieties. On the other hand, Pacific 984 was the Zn responsive (Zn in-efficient) variety. The variety pacific 984 can be cultivated in the Zn deficient soil with a Zn dose 3 kg/ha but for BARI Hybrid Maize-3, it would be 1-2 kg/ha.
